1) No branch of radiology requires more careful attention to technique and detail than gall-bladder radiology.-(2) The X-ray examination should always include (a) a preliminary examination, (b) cholecystography, (c) barium meal, in this sequence.-(3) A number of gall-stones can be shown on the preliminary radiograph, and a further number on the cholecystograph, but there still remains a proportion which cannot be seen by X-ray examination. The greater the care taken in technique, the smaller will be the number of gall-stones not indicated.-(4) The radiographic demonstration of gall-stones does not necessarily mean that the lesion causing the patient's illness has been discovered. Gallstones may exist without causing marked symptoms. They may produce symnptoms which are atypical.-(5) The dye can be administered (i) by the mouth, (ii) intravenously. The former is now the best routine method of examination, though the latter still remains the more accurate.-(6) Non-filling of the gall-bladder in about 96% of cases indicates a
pathological condition of the gall-bladder, often accompanied by stones, though these may not be shown on the radiograph.-(7) Poor filling of the gall-bladder on repeated examination also indicates a pathological condition of the gall-bladder. (8) A good gall-bladder shadow, which is normal in shape, size and position, uniform in outline and density, which contracts after a meal to a much smaller size, in a high percentage of cases indicates a normal gallbladder. A small proportion of such gall-bladders may be diseased, and may even contain a small collection of stones.-(9) Any abnormality in the area of the gall-bladder before or after it has been filled with dye should be investigated by further radiographs taken according to the type of abnormality seen. (10) It has been demonstrated that a large collection of gall-stones in the gall-bladder can be passed into the intestine by way of the ducts.-(11) Complete gall-bladder radiology enables us to give a fairly accurate opinion as to the condition of the gall-bladder. THE medical profession owe much to Dr. Ewart Graham and his colleagues for introducing cholecystography. Prior to their researches, radiography of the gallbladder was considered by many radiologists to be useless, though fortunately a few radiologists, by virtue of their excellent technique, their careful attention to details, their skill in manipulating X-ray plant having a very variable output, their knowledge of photographic technique and their keenness to help forward the progress of radiology, were able to obtain such success in the diagnosis of gall-bladder disease as to command the attention of all watchful clinicians. Among them stand out the names of Beck, Thurstan Holland, Robert Knox, Professors Haenisch and Kohler, Case, Cole, Pfahler, George, Leonard, and not least, Leo Rowden. A brief summary of the history of their work was given in a previous paper [1] . These men achieved their success becatuse they were compelled to exercise JUNE-RAD. 1 28 ingenuity and skill, and to pay attention to every detail in technique, from the preparation of the patient to the development and completion of the radiographic plate. They were sound clinicians and not mere photographers.
Iu no branch of radiology is careful attention to technique and interpretation more necessary to success, and the best results will be obtained when the radiologist himself carries through the whole technique.
If I were asked on what the value of the radiologist's opinion depends, I should say (1) the experience which enables him to take radiographs of good quality.
(2) A knowledge of the technique of pathography and radiology.
(3) Sufficient knowledge of pathology to enable him to visualize the lesion producing departure of the radiographic appearances from the normal, and the characters of the lesions likely to be seen in different diseases. (4) A sound knowledge of clinical medicine and surgery. This will guide him in the choice of the method of examination best likely to show the lesion and the cause for the clinical signs. The radiologist's report concerns the evidence offered by the X-ray examination, on which the clinician should be able to rely, and should be so worded as to convey the radiologist's opinion of the nature of the pathological lesion revealed. A mere description of the radiographic appearances presupposes that the clinician can interpret the significance of shadows which he would probably not notice unless the radiologist pointed them out to him. The significance of radiographic appearances is best appreciated by those who make it their sole study; the subject is too vast to permit of excellence in any other specialist subject; even the regional specialist who attempts to interpret radiographs is usually ignorant of the fundamental radiographic technique and the changes in appearances due to alteration of that technique, also of the appearances familiar to the radiologist in other parts of the body-and this knowledge may be an important factor in the diagnosis of the case.
I remember the surprise of the medical officers at the War Hospital where I was stationed in 1915, when the bacteriologist repeatedly reported the finding of gasforming organisms on foreign bodies, the radiographs of the limbs containing which I had previously demonstrated to them as showing gas bubbles in the soft tissues.
It is the duty of all radiologists to issue a report with every radiograph sent to the clinician, and it is on the value of his reports that his reputation should be built up. Wise clinicians realize this and, like ourselves, must be familiar with many instances of error due to inexperienced interpretation.
Preparation of the patient.-The gall-bladder is in close relation to the hepatic flexure and the first part of the transverse colon, the stomach and duodenum, and its shadow may be obscured by opaque or gaseous contents of these organs. If bismuth or any other opaque material has been taken by the patient, a mild aperient should be given two days before the X-ray examination and the patient kept on light diet during this period. Drastic purgatives are likely to result in distention of the bowel by gas which will obscure the gall-bladder shadows.
If the patient is constipated a simple enema may be given, followed by a saline enema to wash out the contents of the bowel, taking care that no air is introduced. Preliminary radiography.-It is essential that before any opaque material is introduced into any organ for radiographic purposes, a preliminary radiograph should be taken and studied for any trace of abnormality. Failure to do so may result in faulty diagnosis and the missing of the essential lesion owing to the obscurity produced by the opaque medium used.
Radiography and subsequent surgery have proved that though the patient has what may be described as the clinical signs and symptoms of gall-bladder disease, the gall-bladder is functioning normally and is free from disease, an unsuspected lesion in another organ being revealed as the cause: also that gall-bladder disease may be accompanied by signs and symptoms which do not suggest any lesion of that organ, i.e. pseudo-angina.
In some cases of obscure abdominal disease the inclusion of a preliminary radiograph of the bones of the pelvis may throw useful light on the pathology of the condition.
The preliminary radiograph of the gall-bladder area I take with the patient lying prone on the Potter-Bucky diaphragm, with the arms folded above the head and the head resting on the left arm, looking towards the right, so that there is a slight rotation of the body to the right. The X-ray tube is centred 30 in. above the Potter-Bucky diaphragm over a point two inches to the right of the spine, over the last rib and an exposure given for from half a second to two seconds, varying with the thickness of the patient, using 100 ma. of current. The slight obliquity of the patient will throw the shadows of the gall-bladder away from those of the spine.
Well-defined gall-stone shadows and a good shadow of a dye-filled gall-bladder may be entirely missed because they are superimposed on the shadows of the spinal column. It is obvious, therefore, that if thin gall-stone shadows are to be seen, these must be projected away from the shadows of the spine.
The shadows of well-defined, faceted calcium-containing gall-stones leave little to the imagination in interpretation. Examples of such radiographs are now to be found in practically every X-ray Department, though they were rare till a few years ago. The more common radiographic appearance is the ill-defined thin, flaky shadow which I believe can be demonstrated in about 30% of cases in which gallstones are present. These shadows may be completely obliterated by the slight movement of the gall-bladder due to the body movement or visceral peristalsis, yet there may be little on the radiograph to suggest movement. They may only be seen on radiographs taken with a fraction of a second exposure, and can be best demonstrated by using a cone without the Potter-Bucky diaphragm. It is this type of shadow which the clinician finds it difficult to believe exists, even when its presence is indicated by the radiologist. Occasionally one finds that the wall of the gallbladder is calcified and in some cases is full of opaque sand which produces a radiographic appearance similar to that of a dye-filled gall-bladder. This has led to the faulty interpretation of the cholecystograph in cases in which no preliminary radiograph had been made. In the case of solitary stones, difficulty of interpretation may be experienced but subsequent radiographs with alteration of position, and radiographs in different positions after the injection of the dye, will clear up most of the difficulties. The demonstration of gall-stone shadows on the radiograph does not necessarily account for the cause of the patient's illness, and if the complaint suggests any other lesion this should be searched for in addition. I recorded [31 the discovery of a small carcinoma of the transverse colon in such a patient over four years ago, and since its removal she has had no further symptoms.
Cholecystography.-There has been a gradual but marked improvement in the chemicals used in cholecystography. When I read my first paper on cholecystography in 1925 we were injecting sodium tetrabromphenolphthalein intravenously. This dye was toxic for a considerable number of patients, and the gall-bladder shadow compared with those now obtained was relatively faint. This dye was replaced by sodium tetraiodophenolphthalein because the latter could be given in smaller quantities with lessened reaction and greater density of shadow. Gradually the oral administration of the dye was introduced, and improved. At the beginning this was a poor substitute for the intravenous administration, but was used for various reasons, good or bad. In March 1928 [31 I published in the British Medical Journal a paper containing the evidence collected after 500 cholecystographies, in which I expressed the opinion that I regarded the intravenous method as the most accurate. Now after another four years, during which period cholecystography has become a routine procedure in the investigation of gall-bladder cases, I am still of that opinion, though I have also to acknowledge such a marked improvement in the quality and function of the dye now used for oral administration, that this falls little behind the intravenous in its results. Ever since oral administration was introduced there have been opposing camps, one in support of the intravenous, the other in support of the oral method. Until the last two years the weight of opinion was with the intravenous method, but now the oral has strong support. The arguments in favour of the intravenous method are that a known amount of dye is administered into the circulation and the degree of concentration of the dye in the gall-bladder is not so confusing; the gall-bladder shadow is not obscured by the shadow cast by the dye in the intestine; the hepatic function test can be made at the same time; it can be given to the patient who has nausea of a degree which will not tolerate oral administration. Preferably the patient is kept under the control of a nursing staff until the radiographs are made. The oral method does not necessitate hospital or nursinghome attention, the patient can take the dye at home and come up next morning for radiography. The radiologist is saved the trouble and worry of an intravenous injection and its complications. The reactions to the dye are relatively slight or absent-in many patients no abnormal symptoms are detected and no cathartic action from the dye occurs; whereas in others the dye acts as a strong cathartic.
In the early days of oral administration the dye used often caused violent vomiting, but the present oral preparations rarely give rise to vomiting. It is amusing to see that, while boasting of the good shadow produced by oral administration, some authorities urge against the intravenous method that the gall-bladder is so dense that negative shadows may be obliterated if this method is used.
Intravenous Administration: Technique.-Having made the preliminary examination, an inspection of the antecubital fossm is made and the arm selected which shows the most prominent veins. At about 9 p.m. the patient, lying in bed, has the arm cleaned up with spirit: a tourniquet is applied to the upper arm sufficient to cause distension of the veins and a syringe needle is thrust into the median basilic vein.
Blood spurts out of the end of the needle until a connection is fixed into it from a 40-c.c. syringe barrel containing a few c.c. of sterile normal saline. The syringe is connected by means of a rubber tube containing a small glass connection near the needle end. The saline is allowed to flow into the vein, the tourniquet being taken off immediately the connection is made between the syringe and the needle. The flow of saline is slow, and when most of it has left the syringe with every indication that it has gone into the vein, 30 c.c. of a filtered sterile solution containing 3 grm. of sod. tetraiodophenolphthalein are poured down the side of the syringe barrel. If the flow ceases (and this appears to occur more frequently in those veins one would least expect to give rise to trouble, i.e., the large superficial veins which are readily entered and from which blood spurts out while the tourniquet is in position as from an artery) the piston of the syringe can be applied with gentle pressure until the whole of the dye has been injected. On the slightest indication that the dye is not going into the vein the injection is stopped.
No food or drink apart from sips of water are allowed. The patient is brought to the X-ray department at 9 a.m., 11 a.m., and 1 p.m. on the following day and radiographs are made of the gall-bladder area, using the same technique as for the preliminary examination. Unless the gall-bladder is visualized it is customary to use 15-in. by 12-in. films owing to the variable position of the gall-bladder. Any abnormal shadows or irregularity of the gall-bladder should be investigated by taking additional radiographs in different planes. Bubbles of gas in the intestine may simulate negative gall-stone shadows. After the sixteenth-hour radiograph has been taken the patient is given a barium meal made up with malted milk, a radioscopic examination is made of the stomach and duodenum, and the relation of the gall-bladder to these structures carefully observed. In a paper on gall-bladder radiography in the Journal of the British Institute of Radiology in 1927, I recorded [1] a non-filling of the gall-bladder in two cases in which the gall-bladder was normal but in which an ulcer of the stomach or duodenum had been found at operation. This observation has since been made by a number of radiologists and its possibility should be borne in mind. Only last week such an event was brought to my notice. A patient had had a cholecystographic examination and the radiologist had reported that the gall-bladder had failed to fill, but as the symptoms did not suggest gallbladder disease the patient was not operated upon. He died from the perforation of a chronic ulcer on the lesser curvature. This emphasizes the importance, which I have previously given in the records of a similar case, of following up the cholecystograph with a barium meal. No clinician can be certain whether it is the gallbladder, or the stomach, or the duodenum which is diseased. The fact that the patient's symptoms suggest disease of the gall-bladder and yet the cholecystograph suggests a normal gall-bladder, is not sufficient evidence that organic disease is not present.
It might be suggested that, if necessary, the barium meal can be given at a later date. In one case in which I recorded that the gall-bladder showed normal appearances, the patient was brought back to hospital within a fortnight with a perforated duodenal ulcer from which he died. At the post-mortem, the cholecystographic findings of a normal gall-bladder were confirmed and the perforated ulcer shown. This case and the one reported above prove that while in some cases of ulcer the gall-bladder fails to fill with dye, this cannot be depended upon. Significant shadows may be seen in the gall-bladder area after the barium has been given which were not noticed before.
Oral administration.--The preparation which I am now using is that called opacol. It is stable, and not very unpleasant to take, rarely causes any sickness, is readily absorbed and gives a good contrasted shadow of the normal gall-bladder. It is of British make and less expensive than some of the other preparations.
Techniqute.-The patient is asked to come for a preliminary radiographic examination, after which he is given a bottle containing the opacol and is requested to have a fat-free meal, dry toast, or biscuits, and tea at 6 p.m. and the whole of the contents of the bottle at 8 p.m. in half a tumbler of water, followed by a further drink of water to remove the taste from the mouth. He is advised to go to bed just before 8 p.m. and to return for X-ray examination at 9 a.m. the following day, having taken no food or drink apart from sips of water since 6 p.m. the previous evening.
The same technique for radiography is adopted as that described above, and the barium meal i3 given after the seventeenth hour from taking the dye. A further radiograph is always taken three hours after the barium meal as this may give additional evidence on the condition of the gall-bladder, stomach or duodenum.
Reaction.-With the oral preparation, the only likely effect is that of purgation, though in many cases this is not observed. No reaction of a serious nature due to the dye has been recorded. The test is therefore safe and in a high percentage of cases-probably over 90%-it is accurate, particularly if the preliminary examination and the barium meal are used as part of the examination.
If the cbolecystographic finding3, using the oral method, are opposed to the clinical findings, further information may be gleaned by a second oral test or by intravenous administration of the dye.
[A large collection of lantern slides iwas shown illustrating the various points in the paper].
Mr. Stanford Cade:
In the radiological department of Westminster Hospital 1,018 cholecystographies have been carried out since 1926. Of these, 512 were in cases of suspected biliary disease studied by means of X-rays, and bio-chemical investigations. Subsequently, 118 patients were opera.ted on and the diagnosis confirmed histologically. The technique of cholecystography employed at Westminster Hospital varies somewhat from that described by Dr. Brailsford. Preparation consists of purgation forty-eight hours previous to injection, administration of alkalies the day before and restriction of protein food. Freshly prepared sodium tetraiodophenolphthalein is used. The injection is given at 9.30 a.m. and skiagrams are taken three, five, eight and twenty-four hours after injection. Although in the last two years oral administration of the dye has reached such a stage of reliability that the shadows obtained are as good as those after intravenous administration of the dye, in cases where no shadow is obtained the oral method cannot be relied upon to furnish definite conclusions as to the condition of the gall-bladder; the intravenous method therefore, in my opinion, remains the method of choice. It is entirely safe if the dye used is pure, the solution freshly prepared (used within two hours of preparation) and the injection given slowly. Skill and care in intravenous injection are essential, as extravasation of the dye into the cellular tissues is followed by necrosis in direct proportion to the amount of dye injected into the tissues.
In the interpretation of the skiagrams the main point is the presence or absence of a shadow. Absence of a shadow as a rule means a diseased gall-bladder, due in the vast majority of cases to non-patency of the cystic duct owing to some organic lesion. In some few cases it is due to a spasm of the cystic duct; no shadow was detected in a few cases in which the gall-bladder was subsequently found hlealthy and the lesion present was a duodenal ulcer. The information obtained from cholecystography is, however, much more important if the shadows obtained at stated periods, 3, 5, 8 and 24 hours after injection, are taken into consideration and compared as regards size, position and density. In the normal gall-bladder, the second skiagram is always denser and smaller in size. This diminution in size and increase in density conveys the useful information that the mucosa of the gall-bladder is healthy and is capable of concentrating the dye, also that the musculature is active, permitting of active contraction of the viscus. Under identical conditions as regards food and radiological technique, the rate of emptying is also of importance. Shadows still present twenty-four hours after injection are obtained only in gallbladders which do not empty regularly at periodic intervals. Slow emptying, poor concentration, lack of power of contraction, indicate a condition of chronic cholecystitis, not necessarily infective, and in most cases non-calculous. The importance of cholecystography in such cases lies not only in the aid to diagnosis but in the information obtained in connection with non-operative treatment of cholecystitis. The sine qua non for medicinal treatment is patency of the cystic duct. If there is evidence of chronic cholecystitis, the response to medicinal treatment can be controlled by comparison of shadows obtained after two or three weeks' interval. Cholecystography permits of an intelligent and controlled nonsurgical drainage of the gall-bladder by magnesium sulphate and peptone given by the mouth.
Taken in conjunction with estimation of the blood bilirubin and cholesterol and duodenal drainage by the Meltzer-Lyon method, it enables the clinician to form an estimate of the biliary health in cases of non-calculous cholecystitis, "strawberry gall-bladder," and ill-health from intoxication from a gall-bladder when extravesicular symptoms mask the true clinical picture.
As regards Dr. Brailsford's remark as to the necessity of a barium meal, we must of course appreciate that the usefulness of cholecystography is strictly limited to the 32 1254 diagnosis of gall-bladder conditions. A normal gall-bladder shadow is no evidence of absence of disease elsewhere in the upper alimentary tract.
Dr. S. Cochrane Shanks: Preparation of the patient.-The essential point in the preparation of the patient is to empty the colon of fsecal contents and gas, particularly of gas. Most of this gas is merely air swallowed by the patient, and is more marked in those confined to bed. Where possible, the patient should not be confined to bed.
For cholecystography.-I use a preparation similar to that outlined by Mr. Cade, with protein restriction and alkalinization by sodium bicarbonate.
Oral v. intravenouts methods.-In the past I much preferred the intravenous.
method. With the oral method, when capsules of the dye were used, absorption from the intestine was so uncertain that absence of a gall-bladder shadow was of doubtful significance. With the introduction of the soluble acid dye, this objection has largely disapeared. Now, in the majority of cholecystographic examinations with which I have to deal, the dye is given by the oral method. Added to the increased reliability of the oral method, is the increasing disinclination of clinicians' to go to the trouble and possible risk of an intravenous injection where the other method is available. Parenthetically it is worth notiDg that if extravasation of the injection has occurred a radiogram of the elbow will enable one to give a prognosis as to the sequence of events. A drop the size of a pin-head outside the vein will cause a reaction, with erythema and cedema. One minim is sufficient to cause localized necrosis, and more will probably mean an eventual skin graft in the antecubital fossa.
Contra-indications.-Among these I should like to mention obstructive jaundice. If this is of any marked degree, one can foretell that no shadow will be present, no matter what the cause. In addition, also, to the test being useless, it is dangerous. Death has been recorded from acute pancreatitis in obstruction at the ampulla of Vater, and the retrograde passage of the dye along the duct of Wirsung.
In such conditions, therefore, as catarrhal jaundice, obstruction of the common or hepatic ducts, carcinoma of the head of the pancreas, and toxic or infective jaundice, I do not consider cholecystography justifiable. In some of these, as in acute liver atrophy, the method would not come into the diagnostic picture, but in others it is sometimes asked for. In other words, where the Van den Bergh test shows a frank direct positive reaction, cholecystography should not be used. Where the biliary excretion is deranged to any degree, it would seem on general principles wrong to flood the blood-stream with a toxic drug, the channel of excretion of which is out of action.
For these reasons also, I should hesitate to use the method in developed portal cirrhosis with ascites. In these cases no shadow is usually obtained, apart from any question of a lesion of the gall-bladder or cystic duct.
Technique.-I should like to emphasize the point made by Dr. Brailsford that the standard view should not be a true antero-posterior. Slight rotation to the right in the prone position is necessary to cast the shadow of the spine clear of the, gall-bladder.
Dr. Brailsford's technique surprised me in one detail, that of using the intravenous injection on the evening before the examination. I should be interested to hear from him in his reply why he has departed from the usual practice in this respect: whether for convenience' sake, or because he obtained better results. Personally, I value the radiograms taken at four and eight hours, as an indication of the rate of concentration of the dye.
The preparation I use now is opacol. It, like shadocol, iodeikon and T.I.P. mealt which I have also used, gives satisfactory results.
Interpretation of results.-In the preliminary radiograms calcification of gall-stones of the gall-bladder mucosa will be seen if present, but I am interested in the percentage of visible stones recorded by Dr. Brailsford. I have been quite unable even to approximate to his figure of 30%. From five to ten per cent. is nearer to my experience.
It is said that when a normal gall-bladder shadow is present, disease of the gallbladder can be confidently excluded. I should like to add a word of caution here. Quite a considerable cholesterosis of the gall-bladder mucosa may exist without destroying the mucosal resorptive and concentrating functions. The response on the part of a "strawberry" gall-bladder may range from a normally dense shadow to none at all. An increase in the blood cholesterol content, say in the region of 250-300 mgm. per 100 c.c., may give a clue to the diagnosis here.
Apart from this condition, I think that the general statement holds true, and its degree of accuracy is high.
It is in the cases presenting by the oral method a faint gall-bladder shadow that difficulty in interpretation arises, it being doubtful whether defective intestinal absorption, defective hepatic excretion, or defective concentration by the gall-bladder is the cause. Consideration of the general clinical aspect of the case may exclude the second cause, i.e., the hepatic. A large collection of the dye in the right colon may suggest that intestinal absorption is at fault, while delay in the emptying of the gallbladder after food may point to a lesion in the latter. In cases where these points give no guide, and where the clinical picture is equivocal, it is better to repeat the test with the intravenous method, when possible, before a laparotomy is performed.
In the vast majority of cases, absence of a gall-bladder shadow indicates frankly either a cholecystitis or an obstructed cystic duct. Rarely it happens that a gallbladder which has given no shadow by cholecystography, even intravenously, is reported on the operating-table to be without macroscopic signs of disease. It is possible that such gall-bladders may be the site of interstitial lymphatic infection, causing lymphatic block and consequent failure in concentration.
Here I stand open to correction and instruction by the clinicians. Rosenow and Wilkie have clearly demonstrated tbat such cases occur. The demonstration in relief of transparent gall-stones in a gall-bladder which concentrates the dye normally is a commonplace, and requires no stressing. The case of the large, transparent solitaire, however, may present difficulty. This condition may be simulated closely by a bubble of gas in a haustral pocket of the hepatic flexure behind the gall-bladder. A series of radiograms, taken from varying angles, will easily differentiate between the two, but a single radiogram may be very deceptive. If the solitaire stone be large, and the gall-bladder be of the long, narrow, visceroptotic type, a local dilatation may occur round the stone, which is pathognomonic.
Dr. Brailsford, in reply, said that he gave the dye in the evening because it was more convenient for the house men and nursing staff, the patient was quiet during the night, and the results, he considered, were better than when the injection was given in the morningperhaps because of the quiet interval. He emphasized the importance of absolute stillness during the exposures with the most rapid technique in order to secure the detail of shadows possessing little contrast to the surrounding structures, and illustrated his points with radiographs. Radiographs taken after the barium meal in some instances gave a significance to shadows which might have been ignored. A faint outline of the gall-bladder might be shown on such radiographs, though the previous radiographs apparently gave no trace of gall-bladder filling. There was a distinct advantage in having six or eight radiographs of the gall-bladder area because it was not infrequent to find gall-stone shadows of little density on some of these but not on others.
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